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(54) Simultaneous calibration and communication of active antenna arrays of a satellite

(57)  An apparatus for simultaneous calibration and
communication of active arrays of a satellite may include
a base transmitter, a satellite receiver, a satellite trans-
mitter, a base receiver, and at least one computer. The
apparatus may simultaneously transmit and receive a
calibration carrier and a communication carrier at differ-
ent frequencies in order to calibrate the apparatus using
the calibration carrier without interrupting the communi-
cation carrier. The use of different frequencies may avoid
interference between the calibration and communication
carriers.

10

b
14
20 19
300 |rreraT] 2
128 2R
24
7|l [
1 % \
/]
] Fi ~F2T1/
F1sF1T F2+F2T ~F
24 2% L
26
F2
18 Y 16

—F'IG.1

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 214 327 A2 2

Description
BACKGROUND OF THE DISCLOSURE

[0001] In many conventional satellites, in order to cal-
ibrate the satellite, the communication carrier being re-
ceived and transmitted by the satellite must be tempo-
rarily shut-down in order to calibrate the satellite. This
disrupts communication, takes time, and adds cost.
[0002] Anapparatus and method is needed which may
solve one or more problems of one or more conventional
satellites.

SUMMARY OF THE DISCLOSURE

[0003] In one aspect of the disclosure, an apparatus
for simultaneous calibration and communication of active
arrays of a satellite is disclosed. The apparatus may in-
clude a base transmitter, a satellite receiver, a satellite
transmitter, a base receiver, and at least one computer.
The base transmitter may comprise a first antenna for
simultaneously transmitting a calibration carrier having
a first frequency and a communication carrier having a
different second frequency to the satellite receiver. The
satellite receiver may comprise a second antenna com-
prising a first active array for simultaneously receiving
the calibration carrier and the communication carrier
transmitted from the base transmitter, and for simultane-
ously transmitting the calibration carrier and the commu-
nication carrier to the satellite transmitter. The satellite
transmitter may comprise a third antenna comprising a
second active array for simultaneously receiving the cal-
ibration carrier and the communication carrier transmit-
ted from the satellite receiver, and for simultaneously
transmitting the calibration carrier and the communica-
tion carrier to the base receiver. The base receiver may
comprise a fourth antenna for simultaneously receiving
the calibration carrier and the communication carrier
transmitted from the satellite transmitter. The at least one
computer may be adapted to calibrate the first and the
second active arrays based on data received from the
calibration carrier. The at least one computer may be
adapted to determine a correction factor based on the
differences in frequency of the first frequency and the
second frequency. The at least one computer may be
adapted to calibrate the communication carrier by apply-
ing the correction factor to data received from the cali-
bration carrier.

[0004] In another aspect of the disclosure, a method
is disclosed for simultaneously calibrating active arrays
of a satellite without shutting down communication of the
active arrays. In one step, a calibration carrier having a
first frequency and a communication carrier having a dif-
ferent second frequency may be simultaneously trans-
mitted from a base transmitter comprising a first antenna
to a satellite receiver comprising a second antenna in-
cluding a first active array. In another step, the satellite
receiver may simultaneously receive the calibration car-

10

15

20

25

30

35

40

45

50

55

rier and the communication carrier transmitted from the
base transmitter. In an additional step, the calibration car-
rierand the communication carrier may be simultaneous-
ly transmitted from the satellite receiver to a satellite
transmitter comprising a third antennaincluding a second
active array. In still another step, the satellite transmitter
may simultaneously receive the calibration carrier and
the communication carrier transmitted from the satellite
receiver. In an additional step, the satellite transmitter
may simultaneously transmit the calibration carrier and
the communication carrier to a base receiver comprising
a fourth antenna. In another step, the base receiver may
simultaneously receive the calibration carrier and the
communication carrier transmitted from the satellite
transmitter. In still another step, the first and the second
active arrays may be calibrated, using at least one com-
puter, based on datareceived from the calibration carrier.
In an additional step, the communication carrier may be
calibrated by applying a correction factor using the at
least one computer, based on the differences in frequen-
cy of the first frequency and the second frequency, to
data received from the calibration carrier.

[0005] These and other features, aspects and advan-
tages of the disclosure will become better understood
with reference to the following drawings, description and
claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006]

Figure 1 is a box diagram showing an apparatus for
simultaneous calibration and communication of ac-
tive arrays of a satellite; and

Figure 2 is a flowchart of one embodiment of a meth-
od for simultaneously calibrating active arrays of a
satellite without shutting down communication of the
active arrays.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0007] The following detailed description is of the best
currently contemplated modes of carrying out the disclo-
sure. The description is notto be taken in a limiting sense,
but is made merely for the purpose of illustrating the gen-
eral principles of the disclosure, since the scope of the
disclosure is best defined by the appended claims.

[0008] Figure 1is aboxdiagram showing an apparatus
10 for simultaneous calibration and communication of
active arrays 12A and 12B of a satellite 14. The apparatus
10 may comprise a base transmitter 16, a base receiver
18, a satellite receiver 19, a satellite transmitter 20, and
at least one computer 21. The base transmitter 16 may
comprise a first antenna 22 which may simultaneously
transmit a calibration carrier 24 having a first frequency
F1 and a communication carrier 26 having a different
second frequency F2 to the satellite receiver 19. The cal-
ibration carrier 24 may comprise a single calibration sig-
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nal. The communication carrier 26 may comprise a plu-
rality of communication signals. In one embodiment, the
communication carrier 26 may comprise eleven different
communication signals. In other embodiments, the cali-
bration and communication carriers 24 and 26 may have
varying numbers of signals.

[0009] The base transmitter 16 may comprise a
ground-based transmitter. In other embodiments, the
base transmitter 16 may be located in varying locations.
The satellite receiver 19 may comprise a second antenna
28 comprising the first active array 12A. The first active
array 12A may comprise a plurality of elements E1. In
one embodiment, the first active array 12A may comprise
three-hundred elements. Each of the elements E1 may
comprise an amplifier, a five-bit phaser, and a five-bit
attenuator. In other embodiments, the first active array
12A may comprise varying numbers and types of ele-
ments. The first active array 12A may simultaneously re-
ceive the calibration carrier 24 and the communication
carrier 26 transmitted from the base transmitter 16. The
first active array 12A may simultaneously transmit the
calibration carrier 24 and the communication carrier 26
received from the base transmitter 16 to the satellite
transmitter 20.

[0010] The satellite transmitter 20 may comprise a third
antenna 30 comprising the second active array 12B. The
second active array 12B may comprise a plurality of el-
ements E2. In one embodiment, the second active array
12B may comprise three-hundred elements. Each of the
elements E2 may comprise an amplifier, a five-bit phaser,
and a five-bit attenuator. In other embodiments, the sec-
ond active array 12B may comprise varying numbers and
types of elements. The second active array 12B may si-
multaneously receive the calibration carrier 24 and the
communication carrier 26 transmitted from the satellite
receiver 19. The satellite transmitter 20 may simultane-
ously transmit the calibration carrier 24 and the commu-
nication carrier 26 received from the satellite receiver 19
to the base receiver 18. The satellite transmitter 20 may
have a different frequency than a frequency of the satel-
lite receiver 19. In one embodiment, the satellite trans-
mitter 20 may have a frequency of 12 GHz and the sat-
ellite receiver 19 may have a frequency of 13 GHz. In
other embodiments, the frequencies of the satellite trans-
mitter 20 and the satellite receiver 19 may vary. The base
receiver 18 may comprise a fourth antenna 32 which may
simultaneously receive the calibration carrier 24 and the
communication carrier 26 transmitted from the satellite
transmitter 20. For the purposes of ease of tracing the
calibration carrier 24 and communication carrier 26
through the communication apparatus 10, the calibration
carrier 24 having the first frequency F1 and the commu-
nication carrier 26 having the second frequency F2 are
designated to be constant in Figure 1. In fact, the first
and second frequencies F1 and F2 from the base trans-
mitter 16 may be received by the first active array 12A
and then translated by down-conversion to the second
active array 12B to a new set of translated frequencies
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FA1T and F2T. The converted frequencies F1T and F2T
may be amplified by the third antenna 30 and received
by the base receiver 18. The correction factor CF may
be applied to the original transmit frequencies F1 and F2
and separately to the translated frequencies F1T and
F2T. Hence the correction factor CF may be used twice,
once for the second antenna 28 and once for the third
antenna 30.

[0011] The atleast one computer 21 may calibrate the
first and the second active arrays 12A and 12B based on
data D1 received from the calibration carrier 24. The el-
ements E2 of the third antenna 30 may be calibrated by
changing the phase of a single element by 180 degrees
on command from computer 21. The elements E1 in the
second antenna 28 may remain in a stationary mode (no
phase or amplitude change), while the elements E2 may
be calibrated one at a time. The calibration may comprise
comparing the phase and amplitude of the elements E2
relative to the phase and amplitude of the calibration car-
rier 24. Each of the elements E2 may be calibrated one
at a time until all of the elements E2 are calibrated to be
in relative phase and amplitude to the calibration carrier
24. The elements E1 in the second antenna 28 may be
calibrated with the elements E2 in the third antenna 30
in a stationary mode. Each of the elements E1 may be
calibrated by changing their phase by 180 degrees. The
sum of the calibration carrier 24 and a single element in
elements E1 may be routed to the third antenna 30 whose
elements may all be in a stationary mode (no phase or
amplitude changes). Third antenna 30 may transmit the
sum of the calibration carrier 24 and a single element
phase change from elements E1 that are commanded
by computer 21. The calibration carrier 24 and the com-
munication carrier 26 transmitted to the second antenna
28 may be translated to a different frequency by the third
antenna 30. The at least one computer 21 may receive
timing signals 40 from the first antenna 22 in order to
ascertain the elements E1 and E2 that are being calibrat-
ed with the calibration carrier 24. The computer 21 may
have a stored table of correction factors CF for each el-
ement in elements E1 and E2 that may allow the calibra-
tion data in D1 to be corrected to the calibration carrier
data at frequency F1 to be applied to the communication
carrier 26 at frequency F2. The magnitude of the correc-
tion factor CF may be dependent on the magnitude of
the frequency difference between the calibration carrier
24 and the communication carrier 26. For frequency dif-
ferences of less than 100KHz, the correction factor CF
may be ignored for most cases. The at least one com-
puter 21 may calibrate the communication carrier 26 to
be in phase with the elements E1 and E2 of the first and
the second active arrays 12A and 12B. Due to the differ-
ences in frequencies F1 and F2 of the calibration and
communication carriers 24 and 26, and the resulting lack
of interference between them, the at least one computer
21 may do any of the above-referenced calibrations while
running the communication carrier 26 continuously with-
out having to shut the communication carrier 26 down.
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[0012] Figure 2 is a flowchart of one embodiment of a
method 140 for simultaneously calibrating active arrays
12A and 12B of a satellite 14 without shutting down com-
munication of the active arrays 12A and 12B. In step 142,
a calibration carrier 24 having a first frequency F1 and a
communication carrier 26 having a different second fre-
quency F2 may be simultaneously transmitted from a
base transmitter 16 to a satellite receiver 19. The cali-
bration carrier 24 may comprise a single calibration sig-
nal. The communication carrier 26 may comprise a plu-
rality of communication signals. In one embodiment, the
communication carrier 26 may comprise eleven different
communication signals. In other embodiments, the cali-
bration and communication signals 24 and 26 may have
varying numbers of signals. The base transmitter 16 may
comprise a firstantenna 22. The base transmitter 16 may
comprise a ground-based transmitter. In other embodi-
ments, the base transmitter 16 may vary in type and lo-
cation. For example, a separate base transmitter 16 and
base receiver 18 may be utilized for the communication
carrier 26 while another base transmitter 16 and base
receiver 18 at a different location may be utilized for the
calibration carrier 24. The only consideration may be that
both locations must be in the receive and transmit pat-
terns of the active arrays 12A and 12B.

[0013] The satellite receiver 19 may comprise a sec-
ond antenna 28 comprising the first active array 12A. The
firstactive array 12A may comprise a plurality of elements
E1. In one embodiment, the first active array 12A may
comprise three-hundred elements. Each of the elements
E1 may comprise an amplifier, a five-bit phaser, and a
five-bit attenuator. In other embodiments, the first active
array 12A may comprise varying numbers and types of
elements. In step 144, the satellite receiver 19 may si-
multaneously receive the calibration carrier 24 and the
communication carrier 26 transmitted from the base
transmitter 16.

[0014] In step 146, the satellite receiver 19 may simul-
taneously transmit the calibration carrier 24 and the com-
munication carrier 26 received from the base transmitter
18 to a satellite transmitter 20. The satellite transmitter
20 may comprise a third antenna 30 comprising the sec-
ond active array 12B. The second active array 12B may
comprise a plurality of elements E2. In one embodiment,
the second active array 12B may comprise three-hun-
dred elements. Each of the elements E2 may comprise
an amplifier, a five-bit phaser, and a five-bit attenuator.
In other embodiments, the second active array 12B may
comprise varying numbers and types of elements.
[0015] In step 148, the satellite transmitter 20 may si-
multaneously receive the calibration carrier 24 and the
communication carrier 26 transmitted from the satellite
receiver 19. In step 150, the satellite transmitter 20 may
simultaneously transmit the calibration carrier 24 and the
communication carrier 26 received from the satellite re-
ceiver 19 to a base receiver 18. The satellite transmitter
20 may have a different frequency than a frequency of
the satellite receiver 19. In one embodiment, the satellite
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transmitter 20 may have a frequency of 12 GHz and the
satellite receive 18 may have a frequency of 13 GHz. In
other embodiments, the frequencies of the satellite trans-
mitter 20 and the satellite receiver 19 may vary. The base
receiver 18 may comprise a fourth antenna 32. The base
receiver 18 may comprise a ground-based transmitter.
In other embodiments, the base receiver 18 may vary in
type and location. For example, a separate base receiver
18 and base transmitter 16 may be used for the commu-
nication carrier 26 at one location and another base re-
ceiver 18 and base transmitter 16 at another location may
be used for the calibration carrier 24. In step 152, the
base receiver 18 may simultaneously receive the cali-
bration carrier 24 and the communication carrier 26 trans-
mitted from the satellite transmitter 20.

[0016] In step 154, the first and the second active ar-
rays 12A and 12B may be calibrated using at least one
computer 21 based on data D1 received from the cali-
bration carrier 24. Step 154 may comprise calibrating the
plurality of elements E1 and E2 of each of the first and
the second active arrays 12A and 12B to be in phase
with the calibration carrier 24 in order to provide construc-
tive interference. Step 154 may be done by calibrating,
one at a time, each individual element of the plurality of
elements E1 and E2 by blinking each individual element
one at a time between 0 degrees and 180 degrees in
order to calibrate each individual element one at a time.
[0017] In step 156, the communication carrier 26 may
be calibrated by applying a correction factor CF using
the at least one computer 21, based on the differences
in frequencies of the first and second frequencies F1 and
F2, to data D1 received from the calibration carrier 24.
Step 156 may comprise calibrating the communication
carrier 26 to be in phase with the plurality of elements E1
and E2 of each of the first and second active arrays 12A
and 12B and/or to be in phase with the calibration carrier
24 in order to provide constructive interference. Due to
the differences in frequencies F1 and F2 of the calibration
and communication carriers 24 and 26, all of the steps
of the method 140, including all calibration steps, may
be done while the communication carrier 26 is running
continuously withoutinterference between the calibration
and communication signals 24 and 26 and without having
to shut-down the communication carrier 26.

[0018] In one embodiment, steps 154 and 156 may
comprise calibrating the first active array 12A to be in
phase with the calibration carrier 24, followed by calibrat-
ing the second active array 12B to be in phase with the
calibration carrier 24, followed by applying the correction
factor CF to the calibration carrier 24 to obtain so that
the communication carrier 26 is in phase with each of the
elements E1 of the first active array 12A, and the ele-
ments E2 of the second active array 12B.

[0019] One or more embodiments of the disclosure
may allow for a satellite 14 to be calibrated without having
to shut-down the communication carrier 26 being re-
ceived and transmitted by the satellite 14. This may allow
for continuous satellite communication, may save cali-
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bration time, may reduce calibration cost, and/or may
reduce one or more other types of problems of one or
more conventional satellites.

[0020] Itshould be understood, of course, that the fore-
going relates to exemplary embodiments of the disclo-
sure and that modifications may be made without depart-
ing from the spirit and scope of the disclosure as set forth
in the following claims.

Claims

1. An apparatus for simultaneous calibration and com-
munication of active arrays of a satellite comprising:

a base transmitter comprising a first antenna for
simultaneously transmitting a calibration carrier
having a first frequency and a communication
carrier having a different second frequency to a
satellite receiver;

the satellite receiver comprising a second an-
tenna comprising a first active array for simulta-
neously receiving the calibration carrier and the
communication carrier transmitted from the
base transmitter and for simultaneously trans-
mitting the calibration carrier and the communi-
cation carrier to a satellite transmitter;

the satellite transmitter comprising a third anten-
na comprising a second active array for simul-
taneously receiving the calibration carrier and
the communication carrier transmitted from the
satellite receiver and for simultaneously trans-
mitting the calibration carrier and the communi-
cation carrier to a base receiver;

the base receiver comprising a fourth antenna
for simultaneously receiving the calibration car-
rier and the communication carrier transmitted
from the satellite transmitter; and

atleast one computer for calibrating the first and
the second active arrays based on datareceived
from the calibration carrier, for determining a
correction factor based on the differences in fre-
quency of the first frequency and the second fre-
quency, and for calibrating the communication
carrier by applying the correction factor to data
received from the calibration carrier.

2. The apparatus of claim 1 wherein each of the first
and the second active arrays comprise at least one
of a plurality of elements,
each element comprising an amplifier, a five-bit
phaser, and a five-bit attenuator.

3. The apparatus of claim 1 wherein the at least one
computer is for calibrating the first and the second
active arrays, for calibrating the calibration
carrier, for calibrating the communication carrier by
applying the correction factor, and for doing all cali-
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bration while running the communication carrier con-
tinuously.

A method for simultaneously calibrating active ar-
rays of a satellite without shutting down communi-
cation of the active arrays comprising:

simultaneously transmitting, from a base trans-
mitter comprising a first antenna to a satellite
receiver comprising a second antenna compris-
ing a first active array, a calibration carrier hav-
ing afirstfrequency and acommunication carrier
having a different second frequency;
simultaneously receiving with the satellite re-
ceiver the calibration carrier and the communi-
cation carrier transmitted from the base trans-
mitter;

simultaneously transmitting the calibration car-
rier and the communication carrier from the sat-
ellite receiver to a satellite transmitter, compris-
ing a third antenna comprising a second active
array;

simultaneously receiving with the satellite trans-
mitter the calibration carrier and the communi-
cation carrier transmitted from the satellite re-
ceiver;

simultaneously transmitting with the satellite
transmitter the calibration carrier and the com-
munication carrier to a base receiver comprising
a fourth antenna;

simultaneously receiving with the base receiver
the calibration carrier and the communication
carrier transmitted from the satellite transmitter;
calibrating the first and the second active arrays,
using at least one computer, based on data re-
ceived from the calibration carrier; and
calibrating the communication carrier by apply-
ing a correction factor using the atleast one com-
puter, based on the differences in frequency of
the first frequency and the second frequency, to
data received from the calibration carrier.

The method of claim 4 wherein the base transmitter
comprises a ground transmitter and the base receiv-
er comprises a ground receiver.

The method of claim 4 wherein the calibration carrier
comprises one calibration signal and the communi-
cation carrier comprises at least one of a plurality of
communication signals and eleven communication
signals.

The method of claim 4 wherein at least one of the
satellite transmitter comprises a different frequency
than afrequency of the satellite receiver, the satellite
transmitter comprises a frequency of 12 GHz, and
the satellite receiver comprises a frequency of 13
GHz.
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The method of claim 4 wherein each of the first and
the second active arrays comprise at least one of a
plurality of elements and three-hundred elements.

The method of claim 8 wherein each of the elements
of the first and the second active arrays comprises
an amplifier, a five-bit phaser, and a five-bit attenu-
ator.

The method of claim 8 wherein the calibrating the
first and the second active arrays step comprises at
least one of calibrating the plurality of elements of
each of the first and the second active arrays to be
in phase with each other to provide constructive in-
terference, and calibrating the plurality of elements
of each of the first and second active arrays to be in
phase with the calibration carrier to provide construc-
tive interference.

The method of claim 8 wherein the calibrating the
communication carrier step comprises at least one
of calibrating the communication carrier to be in
phase with the plurality of elements of each of the
first and the second active arrays to provide con-
structive interference, and calibrating the communi-
cation carrier by applying the correction factor to the
calibration carrier to provide constructive interfer-
ence for the communication carrier.

The method of claim 4 wherein the calibration steps
are done while running the communication carrier
continuously.

The method of claim 4 wherein the different frequen-
cies of the calibration carrier and the communication
carrier avoid interference between the calibration
carrier and the communication carrier.

The method of claim 4 further comprising the steps
of calibrating the first active array to be in phase with
the calibration carrier, followed by calibrating the
second active array to be in phase with the calibration
carrier, followed by calibrating the communication
carrier, by applying the correction factor to the cali-
bration carrier, through the first active array, and the
second active array.

The method of claim 8 wherein the step of calibrating
the first and the second active arrays comprises at
least one of calibrating each of the elements one at
a time and blinking each element at 0 degrees and
at 180 degrees in order to calibrate each element.
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